EDGEWCOD  ARSENAL  CONTRACTOR  REPORT 


EM-CR-76080 


ER-8610 


COMPUTER-ASDED  DESIGN  OF  SUPPRESSIVE  SHIEl  DS 


Final  Report 


S.  R.  DUTTON 

AAI  CORPORATION 
Baltimore,  Maryland 


D.  J.  KATSANIS 
Edgewood  Arsenal,  Maryland 


June  1976 


Contract  No.  DAAA15-75-C-0120  Work  Order  No.  2 


C\X  A 


DEPARTMENT  OF  THE  ARMY 
Edgewood  Arsenal 

Aberdeen  Proving  Ground,  Maryland  21010 


Approved  for  public  release;  distribution  unlimitad. 


MFICATION  OF  1HIS  PAGK  fWhan  Timtm  F.ntmred) 


EPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


7.  AUTMORfiJ 


R '“.RANT  NUMSERf*; 


f^.^Jutton/AAl  Corp. 
J./(at$ani»  Edgewood  Arsenal 


DAAA15  75-C;^1?fif 


10.  PROGRAM  element,  PROJECT,  TASK 
AREA  ft  WORIC  UNIT  NUMBERS 


751264 


Jun^  V76 


ANIMATION  NAME  AND  ADDRESS  /'T' 

AAI  Corporation  Edgewood  Arsenal  (J^ 

P.O.  Box  6767  Aberdeen  Proving  Grounoi 

Baltimore,  MD  21204  MD  21010  L_ 


n.  CONTROLLING  OFFICE  name  AND  ADDRESS  /"'Tl 

Commander,  Edgewood  Arsenal  / // 

Attn:  SAREA-TS-R 

Aberdeen  Proving  Ground,  MD  21010 


monitoring  AGENCY  NAME  a ;kOORESS(U  dttferttnt  tram  CokUtoIlIng  Oi(ic^)  15.  SECURITY  CLASS,  fo/ th/«  reporfj 

Commander,  Edgewood  Arsenal 

Attn:  SAREA-MT-TS  UNCLASSIFIED 

Aberdeen  Proving  Ground,  MD  21010  1 i5.«.  declassification/downgrading 

(CPQ  Dr.  D.  Katsanis,  671  2302)  schedule 


16.  distribution  statement  fo/ (/i(*  R«por(  ^ 

Approved  for  public  release;  distribution  unlimited. 


t7.  DISTRIBUTION  STATEMENT  {of  tho  ab9tf«ct  «n<erod  h.  Block  20,  It  dUfortnt  (torn  Ropori) 


18.  SUPPLEMENTARY  NOTES 


Manufacturing  methods  and  technology 


19.  key  words  (ConUno9  on  o/do  if  «nd  Idoitf/Zy  by  b/oc#c  number) 

Suppressive  shields 
Computer-aided  design 


ABSTRACT  fConf/nu#  on  roveree  «icf«  U nmc*»€Mry  end  Identify  by  block  number) 

Engineering  design  procedures  are  being  developed,  safety  approved,  and  organized  into  systematic 
procedures  for  application  of  suppressive  structures  in  US  Army  ammunition  plants.  The  approved 
procedures  will  include  use  of  complex  computer  programs  and  charts  in  time  consuming,  iterant 
methods.  A study  has  been  conducted  to  determine  computer  software,  hardware,  and  terminal 
requirements;  and  to  estimate  computer  equipment  and  operation  costs.  The  results  of  that  study 
as  reported  herein  indicate  a considerable  cost  savings  can  be  expected  by  use  of  computer-aided 
procedures  in  design  of  suppressive  shields. 


1 JAN  73  1473  EOFTION  of  I NO  . 6F  is  OBSOLp-TE 


UlMCLASSfFIED 


SECURITY  CL ASSIFICATroil  OF  THIS  PAGE  (’•Hen  I>»(n  En(«r»i/J 


PREFACE 


'I'lic  iiivc.-ili^aUoii  tlcsnibc-l  it)  (his  r(‘|)ur(  w=is  aiilhori/.cd  under  Ct-iiiiael  DAAA 1 5-75- 
(;-()12U,  Task  2,  r.uni|iu(i';- Aided  Ueiign  ol  Sii|i|)rcsiv<‘  Shields.  Tliis  report  was  prepareti  lor  the 
Siij)pressi\e  Sliieldiiif'  Iti  'iieli,  Maiiulaeti.’.riiif' Teehnolo}^'  Diia'i'torate.  Kdg<;wood  /Vrseiial  in 
stippoi  l ot  the  M.mutai'liirinjr  Meihr'ds  and  I'eeliiiolo^y  I’rojod  57.5i264.  Tliis  work  was  ('om|)lel(;d 
ill  Mareh  ld7(). 

Hepmdiielion  (il  this  doetimeiii  in  wliole  or  in  part  is  prohibited  e\eep(  wilh  jierinission 
of  llie  ( iiinmiandi'i'.  Isd}>,ew'ood  Ar.senaL  A'oi:  SAKKA-'I'S-R,  Ahcrdetai  Provinj^  (iroinid,  Maryland 
21010:  hoxseu  i . I)l)(i  and  llie  .Aialional  ri-.ebnieal  Inl'orniatiun  Service  are  aiUhorized  to  reprodnee 
(lie  ibietinieiil  lor  l iiiled  Stales  (ioverninen'  purposes. 


' ! 'JBl' WJSW^^IP 


[ 

I 

I 

I 

E 

I 

r 

• 9 
\ 

• • 

i; 

[ 

r 

tt4ft 

E 

E 

I 

I 

i 

I 

[ 

I 


. .r,-a-.T,-.  *'.T»». .•■*»• 


TABLE  OF  CONTENTS 


Section  Pafie 

1.  INTRODUCTION  5 

II.  CURRENT  DESIGN  METHODS  . 5 

III.  CAD  APPLICATION 6 

A.  Equipment  Configuration U 

B.  Suppressive  Structures  CAD  Procedure  ...  6 

C.  Data  Flow 9 

IV.  IMPLEMENTATION 11 

V.  GOST  SAVINGS 13 

VI.  CONCLUSIONS  AND  RECOMMEIvIDATIONS 13 


( 


COMPUTER-AIDED  DESIGN  OP  SUPPRESSIVE  SHIELDS 


INTRODUCTION 


Tills  study  was  conducted  to  determine  the  feasibility  of  applying 
computer-aided  design  (CAD)  techniques  and  procedures  to  the  design  and 
design  evaluation  of  suppressive  shields.  At  present,  some  200  suppressive 
shield  applications  have  been  identified  in  the  Munitions  Production  Based 
Modernisation  Program.  The  present  design  procedure  is  costlv  and  time  con- 
suming. Tile  use  of  CAD  techniques  in  design  and  design  evaluation  of  suppres- 
sive shields  will  minimize  design  time  and  cost,  improve  design  by  incorpor- 
ating optimized  and  safety  approved  methods,  provide  the  ability  to 
analytically  evaluate  designs,  and  provide  consistent,  efficient,  and  accurate 
design  procedures. 

The  current  Edgewood  Arsenal  Suppressive  Shielding  Program  will 
culminate  in  an  engineering  design  handbook  which  will  be  used  by  architec- 
tural and  engineering  contractors  who  prepare  designs  and  specifications  for 
new  or  modernized  munition  production  facilities.  CAD  procedures  are  planned 
as  an  integral  portion  of  this  Suppressive  Structures  Handbook.  These  CAD 
procedures  will  harlle  the  tedious  iterations  of  numerous  and  complex  hand 
calculations.  Eventually,  the  complete  design  procedure  will  be  computerized 
and  interactive  terminal  software  will  be  the  interlace  between  the  computer 
and  the  design  engineer. 

This  type  of  CAD  system  requires  a large  computer  system  capable  of 
conducting  a multi-user  time  share  operation  with  fast  response.  Many  sucli 
computer  systems  are  available  within  the  Government;  one  is  the  Edgewood 
Arsenal  computer  facility  consisting  of  the  UNIVAC  1108  computer  system.  The 
EXEC  VIII  operating  system  of  the  UNIVAC  1108  allows  interactive  terminals  to 
operate  from  remote  areas  via  standard  telephone  communications. 

II.  CURRENT  DESIGN  METHODS 


In  die  design  of  a suppressive  shield,  there  are  three  main  areas  of 
engineering  effort: 

A.  Analysis  of  the  environment 


B.  Shield  design 


C.  Analysis  of  the  design 

There  is  feedback  from  each  of  these  areas  and  eech  area  employs  a number  of 
analysis  disciplines.  Some  computer  programs  are  available  to  aid  the 
analysis,  particularly  In  the  analy'sis  of  blast  and  fragment  effects.  Also 
available  are  some  guidelines  based  on  previous  suppressive  shield  designs. 
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CAD  APPLICATION 


A.  Kquipmenl  CouClRiiration. 

Hie  general  CAD  equipment  configuration  is  shown  in  figure  1. 

The  CAD  application  at  the  de.sign  station  would  incorporate  an  interactive 
terminal  located  in  the  design  area  and  connected  to  a computer  system  simi- 
lar to  Edgewood  Arsenal's  UNIVAC  1108  via  telephone  lines.  This  design 
station  would  consist  of  an  interactive  graphics  CRT  with  a hard  copy  unit 
for  display  of  results,  and  a keyboard  typewriter  for  input  and  control.  The 
Suppressive  Structures  Handbook  will  define  Che  specific  design  procedure. 

The  designer  would  enter,  via  a typewriter  terminal,  the  commands  for  the 
desired  type  of  analysis  and  the  input  ior  that  analysis.  Results  would  be 
displayed  on  the  CRT  in  tabular  and  graphical  form.  The  designer  would  be 
able  to  make  a Iiard  copy  of  the  results  for  further  study.  The  terminal 
would  require  a low  speed  data  communications  modem.  Since  this  arrangement 
would  only  require  a standard  telephone  set,  the  location  of  the  design  sta- 
tion would  be  flexible. 

A system  such  as  the  Edgewood  Arsenal's  UNIVAC  1108  computer  system 
will  be  required  for  this  application.  Resident  on  that  system  could  be  a 
monitor  program  Cor  servicing  the  terminal  requests,  Tliis  monitor  program 
will  operate  within  the  teleprocessing  software  of  the  operating  system,  and 
will  bring  in  the  analysis  programs  required  as  a result  of  the  specific 
request.  The  analysis  will  be  taken  from  the  engineering  design  handboolc. 
These,  analysis  programs  will  reside  on  a mass  storage  device  such  as  disk  or 
liigli  speed  drum  as  a Suppressive  Structures  Design  Code  file.  These  programs 
will  use  design  paromaters  which  will  reside  in  the  Suppressive  Structures 
Data  Base.  This  data  ba.se  will  also  reside  on  a mass  storage  device. 

Tile  system  also  could  generate  information  for  an  artwork  generator 
consisting  of  a minicomputer  and  pluttLug  system  for  generating  drawings. 

B.  Suppressive  Structures  CAl.i  Vr^>cedure. 

The  design  procedure  is  divided  into  the  donor  system  analysis 
and  the  ijiliuld  design  analysis.  A block  diagram  ot  the  design  fluv/  is  shov;n 
in  figure  2. 


The  donor  system  analysis  is  conducted  to  determine  the  hazard 
environment.  The  engineer/desiguer  enters  the  donor  system  characteristics 
wliicli  define  the  munition  configuration.  llien  the  blast,  fiaginent,  and 
thermal  cliaracteristics  are  determined  as  shown  in  figure  2.  These  results 
are  displayed  and  stored  on  disk  or  drum  for  use  later  by  the  design  program 
Tl'-is  part  of  the  system  defines  the  hazard  environment  and  is  not  a part  of 
the  design.  Rather,  the  results  of  this  sytem  are  used  as  input  to  the 
des ign . 
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The  tihield  design  analysis  system  is  the  major  portion  of  the  CAD 
environment.  Here  the  engineer/dcsigner  first  tells  the  system  the  degree  of 
protection  that  is  desired  and  the  geometry  of  the  environment.  The  S'^stem 
then  uses  the  results  of  the  donor  system  analysis  and  displays  information 
on  the  CRT  concerning  the  required  sliield  configuration.  Ihe  engineer  then 
works  interactively  with  the  machine  to  select  materials,  type  of  shield,  con- 
figuration,  etc.  The  machine,  based  on  previous  design  information,  provides 
hin  with  results  of  previous  designs.  When  he  has  developed  the  design  con- 
cept, the  system  analyzes  that  design  with  respect  to  effectiveness  and  cost 
and  then  displays  the  results.  Upon  his  interpretation  of  the  results,  the 
designer  can  modify  the  design  and  analyze  it  again  or  he  can  change  the 
requirements  if  the  design  is  not  feasible  due  to  the  constraints  placed  on 
the  requirements • It  is  important  to  note  that  the  designer  makes  the  final 
decision  and  the  system  provides  him  with  the  information  to  make  that 
decision. 

C . Data  Flow. 

Tlie  system  consists  of  throe  program  modules  with  five  data  bases 
■■ind  a file  maintenance  nodule.  Ihe  data  flow  is  shown  in  figure  3,  These 
modules  are  defined  as  follows: 

1.  Munitions  Effects  ModLile. 

This  system  consists  ui:  a control  program,  muiiition  analysis 
programs,  a files  control  program,  and  a results  presentation  program.  The 
control  program  is  the  interface  between  the  engineer  and  the  machine.  It 
I'.onors  his  requests  and  loads  those  programs  to  conduct  the  required  analysis. 
The  munition  analysis  programs  are  three  separate  programs  consisting  of  a 
blast  effects  program,  a fragmentation  effects  program,  and  a thermal  effects 
program.  This  area  is  the  only  part  of  the  total  system  where  existing  com- 
puter programs  may  be  utilized.  ’Jlie  applied  technology  effort  ou  tlie  current 
suppressive  shield  project  determines  tlie  existing  programs  that  most  effec- 
tively apply  to  this  analysis.  Ttie  files  control  program  creates  the  blast, 
fragment,  and  thermal  effects  file  to  be  used  during  the  design  analysis. 

iT^sultis  p vss G n twit i.Q!i  ioviriCits  tl'c  T*csultc  £or  pircJcnLii uion  in 

summary  form  at  the  designer's  console  or  in  a detail  tabular  presenta l ion . 

2.  Design  Requirements  Module. 

Tills  module  consists  of  a control  program,  a files  program,  a 
design  program,  and  a results  presenlation  program.  The  cuiiLrol  prugraui  is 
the  interface  between  the  eaigineer  and  the  machine.  Tlie  design  program 
analyzes  the.  protection  criteria  and  enclosure  geometry,  obtains  the  hazard 
data  program  from  the  effects  file,  and  determines  the  specific  ha.nird  to 
tl'at  environment.  It  then  uses  the  files  program  to  obtain  inlornuition  1 rom 
the  shield  data  base  and  to  determine  the  shi  Id  paramo ters  to  meet  tlie 
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desigiU3X''s  const:raiats . ilui  results  prosentatioa  progi-am  provides  a display 
of  the  Ir.iijard  encountered  and  s’nield  performance  as  a function  of  the  options 
the  designer  can  use  in  the  design. 

3.  Design  An.x]ysis  Module. 

Ibis  module  consists  of  a contiol  program,  a design  program, a 
design  analysis  program,  a files  program,  and  a results  presentation  program. 
The  Control  program  again  interfaces  the  man  and  the  machine.  Hie  design 
program  requests  specific  design  information  from  the  engineer  and,  on  request 
froni  the  engineer,  provides  him  information  fropa  the  materials  data  base. 

The  design  analysis  program  conducts  design  optimization  and,  using  informa- 
tion from  the  cost  data  base  and  the  satety  data  base,  analyzes  the  effec- 
tiveness of  the  design  concept.  The  files  program  provides  interface  with 
the  data  base.  The  results  presentation  program  provides  the  results  to  the 
engineer  in  tabular  and  graphical  form. 

4.  riles  Maintenance  Module. 

This  module  provides  the  capability  to  update  and  maintain  all 
all  tlie  data  bases  of  the  system. 

IV,  IMPLEMENTATION 

Tlie  detailed  implementation  oi  the  CAD  Suppressive  Sliields  system 
will  be  a coordinated  effort  between  the  design  engineers,  engineering 
analysts,  programmers,  and  computer  facility  operations  personnel.  A prelim- 
inary i[[iplemeutation  schedule  is  sliowu  in  figure  4.  The  tusk  del  ini  lions  and 
level  of  effort  follows: 

1.  System  SpeciCica(;ion  ••  Tliis  2 month  effort  will  result  iu  a 
detailed  concept  of  the  overall  system.  Tlie  specification  will  present  in 
detail  the  analysis,  operation,  data  base  structure,  program  modules,  and 
data  flow  for  the  entire  system.  This  effort  will  involve  ))ersonne]  I'rom  all 
required  operations.  Level  of  offuiL  - 6 man  months. 

2.  Analysis  Phase  - T’liis  task  will  obtain  all  analyses  Lo  be  used 
and  will  dei'clop  program  algorithms  tiiut  will  be  required.  T.evel  ol’  effort  - 
8 Iran  months. 

3.  Program  Module  Specifications  - This  task  will  develop  detailed 
specifications  for  each  program  module.  They  will  include  flow  r.li  -.rts,  var- 
iable name  dictionaries  block  diagi'ams,  etc.  Level  of  effort  - 21  man 
montlis  . 

4.  Piocuremcni  Phase  - T'his  task  will  obtain  necess.uy  terminal 
hardware  to  be  used  in  the  system.  It  is  impoxtant  that  this  equipment  be 
obtained  for  the  px'ogr.jnuning  and  checkout  phases  - equifiinent  cost  !?12,000. 
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5.  Progvamraing  Phase  - Tliis  task  will  generate  the  actual  code  for 
the  program  modules.  Level  of  effort  - 32  man  months. 

6.  Program  Checkout  - This  task  will  verify  the  individual  programs 
on  the  computer  system.  Level  of  effort  - 18  man  months. 

7.  Module  Checkout  - lliis  task  will  verify  and  check  out  th.-  program 
modules  consisting  of  groupings  of  the  Individual  programs.  Level  of  effort 

- 15  man  months . 

8.  System  Checkout  - Ttiis  task  will  verify  and  check  out  the  overall 
system  consisting  of  the  program  modules.  Tliere  will  be  much  interaction  be- 
tv^een  tasks  5,  6,  7 and  8.  Level  of  effort  - 9 man  months. 

9.  Program  Documentation  - This  task  will  provide  detailed  documen- 
tation of  the  logic  flow  and  construction  of  the  programs  to  enable  ease  of 
maintenance  and  modification.  Level  of  effort  - 12  man  months. 

10.  User  Documentation  - Tliis  task  will  provide  detailed  documentation 
defining  the  use  of  the  system.  This  explicit  set  of  instructions  and  defi- 
nitions will  form  a part  of  the  engineering  design  handbook  - 12  man  months. 

In  addition  to  these  tasks,  12  man  months  should  be  allocated  to 
management  of  tliis  effort.  Total  leva]  of  effutl  is  152  man  months  and 
$12,000  for  equipment  for  a total  cost  of  approximately  $500,000. 

V.  CObT  SAVINGS 

The  cost  data  is  shown  in  figure  5 and  the  projected  savings  by  year 
is  shown  in  figure  6.  The  manual  design  costs  per  shield  and  the  projected 
number  of  shields  per  year  were  obtained  from  experience  at  the  Suppressive 
Shielding  Branch,  Mechanical  Process  Technology  Division,  Manufacturing 
Technology  Directorate,  Edgewood  Arsenal.  The  design  costs  using  CAD  were 
estimated  from  discussions  with  personnel  familiar  with  the  CAD  procedure  and 
were  then  compared  with  the  costs  of  the  present  suppressive  shield  design 
procedure . 

VI.  CONCLUSIONS  AND  Kl'XOMMENDATlONS 

It  is  concluded  that  computer-aided  design  procedures  are  applicable 
to  the  design  of  suppressive  shields.  Use  of  these  procedures  will  improve 
accuracy  of  design  calculations.  Suppiessivc  shields  designed  by  those  pro- 
cedures will  be  more  reliable  and  economical  than  those  designed  by  manual 
design  calculations. 

It  is  recommended  that,  a Manufacturing  Methods  and  Teclmulogy  projt^ct 
Lo  apply  computer-aided  design  procedures  to  design  of  suppressive  shields  be 
initiated  as  soon  as  possible  after  the  engineering  design  handbook  is 
C oinp  le  t ed  . 
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Attn:  Mr,  F.  Fidel,  Mr.  E.  Rempler 

Bridge;  and  'facony  Streets 
Phlladelpliia,  PA  19137 


Commander 

Prcatinny  Arsenal 

Attn:  SARPA-MT/Iir . Saffian 


V^UlldVclU  , 


Mr.  Hickerson 


Dover,  NJ  0780i 


1 


3 

1 


Coimrander  1 

US  Army  Test  and  Evaluation  Coimnand 
Attn:  URSTE-NB 

Aberdeen  Proving  Ground,  MU  2)U05 


Commandei  1 

Dugway  Proving  Ground 
Attn;  Dr.  RoLhenburg 

STFUP-TO-ll/Mr . P.  Miller 
Dug'vay,  UT  84022 


Copies 


ea 


ea 


ea 


e;i 


Rec  ipi.eiu: 


No.  of  Copies 


Commander  1 

Cornhusker  Army  Ammunition  Plant 
Grand  Island,  NE  68801 

Commander  1 

Indiana  Army  Ammunition  Plant 
Charleston,  IN  47111 

Commander  1 

Iowa  Army  Ammunition  Plant 
Burlington,  lA  52502 

Commander  1 

Joliet  Army  Ammunition  Plant 
Joliet,  IL  60436 

Commander  1 

Kansas  Army  Ammunition  Plant 
Parsons,  KS  67357 

Commander  1. 

Longliorn  Army  Ammunition  Plant 
Marshall,  TX  75671 

Commander  1 

Lone.  Star  Army  Ammunition  Plant 
Texarkana,  TX  75502 

Commander  1 

Louisiana  Army  Ammunition  Plant 
Shreveport,  LA  71102 

Commander  1 

Milan  Army  Aminun i. tion  Plant 
Milan,  TN  38358 

Commander  1 

Radford  Army  Ammunition  Plant 
Radford.  VA  24141 

Commander  1 

Sunflower  Army  Ammunition  Plant 
Lawronce , KS  66044 


Rec  ipient: 


No.  of  Ccplcs 


Conimander  1 

Lake  City  Army  Ammunition  Plane 
Attn:  Mr.  John  Jacobi 

Independence,  MO  64056 

Commander  1 

Ravenna  Army  Ammunition  Plant 
Ravenna,  Oil  44266 

Commander  1 

Pine  Bluff  Ar.senal 
Pine  Bluff,  AR  71601 

Director  J 

DS  Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground,  MD  21005 


Director  5 

US  Army  ballistic  Research  Laboratories 
Attn;  DRXBR-DL/Mr.  Vltali 
Aberdeen  Proving  Ground,  MD  21005 

Division  Engineer  1 ea 

US  Army  Engineer  Division,  Huntsville 

Attn:  lINDED-CS/Mr  . Dembo  , Mr.  W.  Char 

1*.  0.  Box  1600,  West  Station 

Huntsville,  AL  35807 

US  Army  I'.ngineer  Division  1 

Waterways  Experimental  Station 
PO  Box  631 

Vicksburg,  MS  39180 

Director  ^ 

DARCOM  Intern  Training  Center 

.\L  Ln  ; Dr  . G . Ch  iang 

Red  River  Depot 

Texarkana,  TX  75502 

Mr.  Jelm  Koiiio.s  1 

IJfieiise  Supply  Agency 
( , aiTiL; roil  S t a t i o n 
Alexandri.-i,  V’A  22030 


No.  of  Copies 
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Recipient 

Project  Manager  for  Chemical  Demilitariaat ion 
and  Installation  Restoration 
Edgewood  Arsenal 

Aberdeen  Proving  Ground,  MD  21010 

Commander 
Edgewood  Arsenal 
Attn;  SAREA-TD-E 
S AREA- FI 
SAREA-LE 
SAREA-SA 
SAREA-TE 

Aberdeen  Proving  Ground,  MD  21010 

Commander 
Edgewood  Arsenal 
Attn:  SAREA-BL-B 

SAREA-BL-E 
SAREA-BL-H 
SAREA-BL-R 
sarea-bl-t 

Aberdeen  Proving  Ground,  MD  21010 

Commander 
Edgewood  Arsenal 
Attn:  SAREA-CL-C 

SAREA-CL-P 

Aberdeen  Proving  Ground,  MD  21010 

Commander 
Edgewood  Arsenal 
Attn:  SAREA-DE-S 

Aberdeen  Proving  Ground,  MD  21',' 10 

Commander 
Edgewood  Arsenal 
Attn:  SAKEA-MT-M 

SAIU'.A-MT-TS 

Aberdeen  Proving  Ground,  MD  21010 
Chief 

Edgewood  Arsenal  Resident  Laboratory 
NASA  National  Space  Technology  Labs 
Bay  St.  Louis,  MS  39520 


2 


1 

1 

1 

1 

1 


1 

1 

1 

1 

1 


1 

1 

4 


1 

5 


2 


1 
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Commander 
Edgewood  Arsenal 
Attn:  SAREA-PA-A 

SAREA-PA-? 

SAREA-PA-Q 

Aberdeen  Proving  Ground,  MD 

Commander 
Edgewood  Arsenal 
Attn:  SAREA-TS-R 

SAREA-TS-I, 

EAKEA-TS-E 

Aberdeen  Proving  Ground,  MD 


Conunander 

Aberdeen  Proving  Ground 
Attn;  STEAP-AD-R/RllA 
Aberdeen  Proving  Ground,  MD 

Commander 

Aberdeen  Proving  (Jround 

Attn ; STEAP-TL 

Aberdeen  Proving  Ground,  MD 

Commander 

Edgewood  Arsenal 

Attn:  SAREA-DM 

Aberdeen  Proving  Ground,  MU 

Administrator 

Defense  Docnnientation  Center 

AL  Lii  AcCeS  xtuiS  Di.  V IS  Lull 

Cameron  Station 
Alexandria,  VA  22333 


21010 


21010 


21005 


21005 


21010 


